This paper presents a new semantics of ACP~, the Algebra of Communicating Processes with abstraction. This leads to a term model of ACP, which is isomorphic to the model of process graphs modulo rooted .r6-bisimulation of BADEN, BE~Sm-~ & KLOP [2], but in which no special rooteclness condition is needed. Bisirniladty turns out to be a congruence in a natural way.
INTRODUCTION

Concurrency
A process is the behaviour of a system. The system can be a machine, a communication protocol, a network of falling dominoes, a chess player, or any other system. Concurrency is the study of parallel processes. The features studied include enmmunication between parallel processes, deadlock behaviour, abstraction from internal steps, divergence, nondeterminisra, fairness, priorities in the choice of actions, tight regions, etc. Processes are mostly studied within a model, capturing some of the features of concurrency. Among these models one finds Petri nets (see for instance REISI6 [13] ), Topological models (as in DE BAKI~R & ZtlCKER [3] ), Algebraical models (like the projective limit models in BERGSTRA & KLOP [4]), Graph models (as in MILNER [10] and in BAETEN, BERGSaXA & KLOP [2]) and observation models, in which a process is fully determined by its possible interactions with the environment (like Hoare's failures model of Communicating Sequential Processes, see BROOKES, Hoxms & ROSCOE [7] , and the models used in Trace theory, see for instance REM [14] ). Parameters in the classification of these models of concurrency are the features captured by the modal, the identifications made on processes and the particular way of representing them. The identification issue deals with the question when two processes are to be considered equal. This is of importance on judging whether or not a certain system correctly implements a specification. The possible answers constitute a broad spectrum of process semantics, ranging from trace semantics, where two processes are identified as soon as their possible sequences of actions coincide, to bisimulation semantics, where all information about the timing of the divergencies of those traces is preserved.
Process algebra
Process algebra is an algebraic approach to the study of concurrent processes. Its tools are algebraical languages for the specification of processes and the formulation of statements about them, together with calculi for the verification of these statements. Process algebra is not to be regarded as a model of concurrency. On the one hand it is a method for specifying processes and proving statements about them without being limited to a particular model; on the other hand it is a method for analysing and comparing the different models of concurrency.
To illustrate the first application, consider a typical example. Suppose a machine is composed out of two components. In order to verify that it behaves as it should, one specifies the behaviour of the two components as well as the intended behaviour of their composition in an algebraical language. This language should be equipped with a composition operator and with a calculus, consisting of laws concerning the equality relation, the composition operator and the operators involved in the specifications of the three processes. In selecting the calculus it should be checked that all its rules and axioms are valid in the environment in which the machine is operating. Now one is able to formulate and prove the statement: the behaviour of the composition of the two components is equal to the intended behaviour of the desired machine.
The creation of an algebraical framework suitable to deal with such applications, gives rise to the construction of building blocks of operators and axioms, each block describing a feature of concurrency in a certain semantical setting. The models of concurrency serve to prove the consistency of the theories built from these blocks, and to illustrate the range of their applicability.
As to the second application, the various models of concurrency can be studied and classified by axiomatising them, and pointing out which axioms constitute the differences between them.
The first axiomatic treatment of concurrency is Milner's Calculus of Communicating Systems [10]. This calculus is closely linked to Milner's graph model (of 'synchronisation trees') with bisimulation semantics, and the axioms are presented as theorems, valid in this model. Other calculi are Milne's CIRCAL [9] and the Algebra of Communicating Processes (ACP) of B~aOSTRA & IO~oP [4] . The last one is not tied to a particular model. It is the core of a family of axioms systems, fitting in the process algebra methodology sketched above. Its standard semantics is bisimulation semantics, since it identifies the least; any theorem proved in bisimulation semantics remains valid in coarser semantics; but there are building blocks with axioms for more identifications. The present paper examines some rules and axioms, belonging to this family, and employs the notation of ACP. Although it builds further on the research done in [4] and [2], it can be read independently. For further details is refered to the full paper [8].
ATOMIC ACTIONS AND COMMUNICATIONS
An atomic action is the most elementary component of a process. It is considered not to be divisible into smaller parts and not subject to further investigations. Mostly an atomic action is considered to be observed pointwise in time, for if the time it takes is to be observed, two atomic actions can be distinguished: its beginning and its end. It depends on the level of abstraction, which actions one wants to see as atomic.
Atomic actions are thought to occur simultaneously in a process only if they are communicating, like the actions 'give' and 'receive'. The simultaneous occurrence of actions a and b is denoted by a lb. In general a lb = b la and (alb)lc = a l(blc). A multiset all • ' " l an (with n/>2) of communicating atomic actions is called a communication. The presentation of an algebra of communicating processes starts with postulating an alphabet A 0 of atomic actions and specifying which communications can occur.
Formally, an alphabet A of atomic actions and communications is defined as a set of nonempty mnltisets of symbols, such that if a cA and b C_a then also b cA. Elements of A are called actions. A singleton action is called atomic; other actions are communications. A ° is the set of atomic actions in A. Two actions a and b~A are said to communicate if their union a I b cA. Example: A = {a, b, c, blc, clc, blclc}. 2. TI~ ALGEBRA OF COMMUNICATING PROCESSES 'WITH ABSTRACTION ACP,, the algebra of communicating processes with abstraction, is the equational theory, presented in the upper blocks of table 2. Its language is built inductively from a set V = {x,y,z,... } of variables, and the constants and operators of table 1. The equality predicate ~ is always present, but never mentioned. An alphabet A of atomic actions and communications occurs as a parameter in ACP~.
ACP~:
constants: The meaning of these constructs will be given informally below, together with an explanation of the axioms of ACP~.
In table 2, all axioms are in fact axiom schemes in a,b and c, with a,b,c ranging over A U(8), unless further restrictions are made in the table.
